A B S T R A C T The uptake of acetate in the human forearm was studied in five fasting (14 h) subjects during 10-min periods of ergometer work at 7 and 10 kilopond-meters per minute (kpm/min). A constant arterial acetate concentration was established by administration of a small quantity of alcohol (25 g) to the subjects after a control work period. Blood flow was measured by an indicator dilution technique. Acetate uptake varied linearly with the product of arterial acetate concentration and blood flow. Acetate metabolism was calculated to account for about 6.5% of the energy metabolism, assuming complete combustion to carbon dioxide and water. Oxygen uptake and blood flow did not change in the presence of acetate and ethanol.
INTRODUCTION
Acetate is present in the circulating blood in appreciable concentrations only during ethanol metabolism, in which case the arterial concentration is fairly constant and within limits independent of the blood alcohol concentration (1) . As ethanol is not metabolized in peripheral organs to any large extent, ingestion of small quantities of alcohol would appear to provide suitable conditions for the study of acetate utilization in the human body without interfering with acid-base metabolism (2) .
In this study the question was examined whether working skeletal muscles utilize acetate.
METHODS
Six experiments were performed in five healthy, nonobese males (ages 21-25 yr). The informed consent of each subject was obtained. They were examined in the morning after a 14 h fast. With the subject in the supine position, a polyethylene catheter (ID 0.7 mm) was inserted percutaneously 2-3 cm upstream in the brachial artery at the level of the humeral intercondylar line. A wide bore needle connected to a short collecting catheter was introduced 3-4 cm in the distal direction in the ipsilateral median cubital vein. During the investigation the catheters were kept patent by injections of saline. Heparin was not used.
After 30 min of rest arterial and venous blood samples were collected. Thereafter rhythmic forearm exercise was performed at a rate of 50 contractions/min on an adjustable hand ergometer (3) . The path of contraction was 30 mm and the ergometer was adjusted to work intensities of 7, 10, and 15 kilopond-meters per minute (kpm/min) by using different springs. From the 3rd to the 7th min of exercise, the hand was excluded from the circulation by a sphygmomanometer wrist cuff inflated to a pressure of 250 mm Hg. Arterial and venous blood samples were collected at the 4th and 6th min of exercise. During the 5th min, forearm blood flow was measured by a single injection indicator dilution technique (4). Arterial and venous blood samples were also taken during the resting periods.
After the control period the subjects were given about 25 g alcohol as beer, consumed within 10 min. 40 min later the above-mentioned procedure was repeated at the same work intensity as before. In all but one subject a third period of exercise was performed 20 min later at a work load approximately 50%o above that of the control study.
Oxygen saturation and hemoglobin were determined spectrophotometrically (5). Oxygen content was calculated assuming that 1 g of hemoglobin combines with 1.39 ml 02. The following methods were used for determination of hematocrit (6), glucose (7), lactate (8) , pyruvate (9), acetate (10), glycerol (11), FFA (12) , and insulin (13) . Acetate and FFA were measured in plasma, whereas other metabolites were estimated in whole blood deproteinized in ice-cold perchloric acid within 2 min after withdrawal. The pyruvate determinations were completed within 4 h. Lactate, acetate, and FFA determinations were made in duplicate, with other analyses being single determinations.
RESULTS AND DISCUSSION
Average values from all experiments are given in Table   I .
The peroral administration of alcohol used here caused an increase in arterial plasma acetate concentration which was maintained at an essentially constant level throughout the experiment; the difference in concentration between the first and the second period of exercise was on average 0.02 mM ranging from 0.00 to 0.03 excluding one experiment in which a difference of 0.35 mM was found. This experiment is included in the data of Table I. Both at rest and during exercise there was a significant arteriovenous difference in plasma acetate (0.24± 0.04 mM [n = 5] and 0.23±0.06 mM [n = 6], respectively) indicating a net uptake of acetate. Such uptake of acetate in the forearm has also been observed by Jorfeldt.1 Since no attempt was made to measure blood flow at rest in the present study, the total uptake of acetate in the resting forearm tissues can only be estimated: Assuming a blood flow a rest of 5 ml/min/100 ml forearm tissue, the uptake of acetate can be calculated to about 1 gmol/min/100 ml.
The acetate uptake in the forearm during exercise can be directly calculated using the arteriovenous difference and blood flow. The values for blood flow (and oxygen uptake) in the exercising forearm found in the present study agree well with those obtained by other investi- gators at comparable work intensities (3, 14, 15) . The ingestion of ethanol caused no significant changes in these parameters.
In Fig. 1 the uptake of acetate during exercise is related to the load offered (arterial acetate concentration times blood flow). Within the limits examined there is a linear and significant correlation (r = 0.98). This correlation is closer than that found between acetate uptake and arterial acetate concentration (r= 0.77). Similar observations were made by Jorfeldt (15) .
Owing to the fact that the extraction of acetate from the blood is fairly constant at rest and at all work levels, the uptake of acetate is for a given arterial acetate concentration proportional to the blood flow and thus more pronounced the higher the work load (Fig. 1) . However, acetate metabolism seems to make up a constant proportion of total substrate metabolism. Assuming a P/O ratio of 3 in the tissue and complete oxidation of acetate removed from the blood, the fraction of the energy production originating from oxidation of acetate can be calculated from the output of lactate and the consumption of oxygen and acetate. An average value of 6.5% is found. This may not be a valid figure for muscle tissue in general, since the contribution of acetate metabolism in the human heart during alcoholemia was calculated to be about 20% (2) .
The reproducibility of the experiments is seen in Table II , which shows two similar experiments on the same subject. Figures are given as mean ±SEM. The arterial concentrations in the resting periods of the substances listed were the same as in the immediately following working period.
* In one subject the work intensity was 10 kpm/min in the control and 1st ethanol period.
In another subject the work intensity was 7 kpm/min in all three periods.
Blood flow is expressed per 100 ml forearm. The volume of the forearm measured from the tip of the arterial catheter to the upper border of the wrist cuff averaged 1,460±SD 170 ml. The values given here for forearm blood flow are to be multiplied by 1.37 to convert to units of metabolic activity per min/100 g muscle (24) . § The acetate concentration in the control periods was below 0.05 mM. The arterial lactate concentration during the preethanol rest periods of 0.67 mM rose to 1.53 mM during the postethanol rest period, presumably because the utilization of lactate is decreased (17) . A pronounced fall in the concentration of FFA was observed (Table  I) , a phenomenon which was studied by Crouse, Gerson, DeCarli, and Lieber (18) and ascribed to the presence of acetate. The glycerol concentration was also decreased, a result that confirms the finding of Feinman and Lieber (19) . The concomitant fall in glycerol and FFA concentrations indicates reduced lipolysis in adipose tissues. However, the reduction in glycerol concentration is less than one-third of the decrease in FFA concentration. This may be a consequence of the inhibition of glycerol uptake by the liver caused by ethanol (20) , but increased re-esterification of fatty acids in the adipose tissue cannot be ruled out. It should be added that changes in glucose, FFA, and glycerol similar to those reported here are observed only when small quantities of ethanol are given (16, 18, 19) . With larger loads or prolonged administration an entirely different pattern is seen.
Insulin was measured in arterial blood at rest and in the three working periods. The average concentrations in the six subjects were (microunits per milliliter serum) 11±3 both in the pre-ethanol rest period and during the first (i.e., pre-ethanol) working period. In the consecutive periods with ethanol the insulin concentrations were 42±4.5 and 30±3 (n = 5) /U/ml serum.
Whether this moderate increase in insulin concentration is caused by the increased glucose concentration alone or whether a facilitation of insulin release has occurred under the influence of ethanol (21) is undecided. The increased insulin level may be partly responsible for the decrease in arterial FFA and glycerol concentrations.
The output of lactate from the working muscles decreased significantly in the presence of ethanol (Table  I ). The average output in the ethanol periods was 78+ 2.3% of the control values during work in the absence of ethanol. Similar results were obtained in the resting forearm by Kreisberg, Stanley, Rackley, and Russell (22) . A decrease in the net output in the working forearm has also been observed after increasing arterial lactate concentrations by infusion of lactate (15) Glucose uptake in the working forearm seems to be higher during ethanol periods, presumably a consequence of the increased glucose and insulin concentrations (Table I ). In the case of FFA and glycerol the arteriovenous differences were too uncertain to permit --definite conclusions regarding possible lipolysis and fatty acid utilization in the exercising human forearm.
According to the above results, human skeletal muscle can use acetate as a substrate both at rest and during exercise. Furthermore it can be calculated that muscle probably accounts for the main part of total acetate elimination during alcoholemia. Using the arteriovenous difference obtained in this study and assuming that the total blood flow through the muscles is 4 liters/min during light work two-thirds of the acetate produced in the liver can be calculated to be metabolized in the muscles. However, this calculation implies that the arteriovenous difference for acetate is the same in all muscle groups. This assumption might, however, be wrong if acetate activation is rate limiting in muscle tissue (cf. 23).
